The communication between neurons in the nervous system relies on synaptic transmission. When an action potential invades the nerve terminal, voltage-sensitive calcium channels open, and a flood of calcium pours in, resulting in a transient and local calcium microdomain, which triggers fusion of vesicles that are ready or primed for release at the active zone. The distance between calcium channels and releasable or primed vesicles is likely within tens of nanometers (Meinrenken et al., 2002) . Conceivably, primed vesicles distant from calcium channels would experience lower calcium concentrations and thus have a lower release probability. Proper vesicle positioning is therefore required to ensure transmitter release upon calcium influx.
Regulation of vesicle positioning was proposed as a mechanism underlying the decrease of release probability, which contributes to the generation of shortterm synaptic depression (Wu and Borst, 1999) . This hypothesis has recently received supporting evidence from an elegant study showing that, during shortterm depression, release evoked by calcium influx via calcium channels decreases more than that evoked by experimentally induced homogeneous calcium elevation across the whole nerve terminal (Wadel et al., 2007) . Thus, the decrease in release evoked by calcium influx is not caused by a decreased sensitivity of the calcium sensor, but likely by an increased distance between primed vesicles and calcium channels (Wadel et al., 2007) .
Although proper vesicle positioning is crucial for synaptic function, how it is achieved and regulated remained unclear. In this issue of Neuron, Young and Neher (2009) found that vesicle positioning is regulated, surprisingly, by synaptotagmin 2 (syt2) (Figure 1 ), the calcium sensor that mediates synchronous release at the calyx of Held nerve terminal (Sun et al., 2007) .
Synaptotagmins (syts) are a family of multifunctional proteins containing two C2 domains. Among them, syt1, syt2, and syt9 can act as calcium sensors mediating synchronized calcium-triggered release (Xu et al., 2007) . Syt1 and syt2 are expressed in different areas of the brain but are highly homologous and are thought to act in much the same way (Xu et al., 2007) . Knocking out syt1 or syt2 abolishes calcium-triggered synchronous release (Geppert et al., 1994; Sun et al., 2007) , and, although asynchronous release continues, its calcium sensitivity is significantly reduced (Sun et al., 2007) . Recently, it was found that a mutation in syt1, changing arginines at positions 398 and 399 to glutamines, abolishes synchronous release in autaptic cultured hippocampal neurons, while presumably leaving calcium binding unaffected (Xue et al., 2008) . This study implicates these residues in the transduction of the calcium signal, though it is possible that they have another function unrelated to calcium sensing. Young and Neher (2009) studied whether the reciprocal mutation in syt2 (R399, R400Q) affects vesicle positioning at the calyx of Held, a giant nerve terminal that arises from globular bushy cells in the ventral cochlear nucleus (VCN) and makes an axosomatic synapse in the medial nucleus of the trapezoid body. Both the calyx and the postsynaptic neuron can be patch-clamped, allowing for recordings of presynaptic ionic currents and EPSCs from the same synapse. Caged calcium compounds and calcium indicators can be dialyzed into the calyx, allowing for an experimentally induced global increase in calcium concentration upon calcium uncaging (Bollmann et al., 2000; Schneggenburger and Neher, 2000) . Furthermore, vesicle fusion pore opening and fission pore closure can be studied by recording membrane capacitance changes at the calyx (He et al., 2006; Sun and Wu, 2001) .
Application of these powerful biophysical techniques to the calyx has significantly advanced our understanding of biophysical mechanisms regulating exocytosis and endocytosis. However, the molecular nature of these biophysical mechanisms is poorly understood, partly because the calyx has not been successfully cultured, making most molecular biology tools available for cultured neurons inapplicable to the calyx. One of the most impressive components of Young and Neher's study is their solution to this problem, to deliver the syt2 R399, R400Q mutant to the calyx in vivo via adenovirus. Viral delivery of proteins to the calyx has already been demonstrated (Wimmer et al., 2004) . However, the size of the calyx may require extraordinary measures to achieve high expression levels to compete with the number of syt2 molecules in the calyx. Young and Neher (2009) developed a highly expressing adenoviral vector dubbed pUNISHER to do the job and devised a stereotaxic injection procedure in p1 rats to deliver the virus to the VCN, giving the viral machinery 7-9 days to build up the levels needed before optimal recording conditions at p8-p10.
Using pUNISHER to express the R399, R400Q mutant in the calyces, Young and Neher (2009) found that the EPSC induced by an action-potential (AP)-like stimulus was significantly reduced. Although quite a large variation was seen in the EPSC, the results are clearly specific to the construct and not the technique, as overexpression of syt2 actually enhanced the EPSC. A longer delay between the stimulus and response was also observed, consistent with the lack of synchronous fusion seen in syt2 knockouts (Sun et al., 2007) .
The decrease of the EPSC by syt2 R399, R400Q may arise from a smaller release probability or number of vesicles in the readily releasable pool (RRP). To distinguish them, Young and Neher (2009) analyzed the EPSCs evoked by a pair of pulses. A smaller second EPSC often is interpreted as indicating that the first pulse depleted much of the RRP and that the initial release probability is high. Conversely, a higher second/first EPSC ratio may reflect a lower release probability. The second/first EPSC ratio in R399, R400Q mutant synapses was much higher than in wild-type and syt2-overexpressing pairs, suggesting a drop in the release probability (Young and Neher, 2009) . Release probability can also be calculated more directly by evoking release with an AP and then dividing by the RRP size, which is measured as release induced by a prolonged depolarization at the calyx. Although this calculation was not provided, the R399, R400Q mutant was found to reduce the RRP size, but to a level insufficient to account for the decreased EPSC.
Thus, the EPSC reduction is mostly caused by the decreased release probability. Interestingly, the syt2 mutant did not increase the mEPSC frequency, contrary to findings in syt2 knockout (Sun et al., 2007) , suggesting that the mutant preserves at least some regular function.
The R399, R400Q mutant-induced decrease of the release probability could plausibly be due to disruption of the calcium sensor or to uncoupling of vesicles from calcium channels. Young and Neher (2009) discerned between these possibilities by uncaging various concentrations of calcium homogeneously in the calyx, and measuring release from EPSC recordings at the same synapse. They found that the calcium sensitivity was similar to controls, leading to the provocative hypothesis that syt2 mutation uncouples vesicles from calcium channels, dramatically reducing the release probability during calcium influx through calcium channels (Figure 1) .
The findings by Young and Neher (2009) may have a long-lasting impact. On the technical side, this study introduces a technique that, at last, brings the powerful molecular biology tools to the calyx. For instance, syt mutants can be introduced in a syt2 null background to clarify the role of each domain in the absence of wild-type syt2. Also, the prospect of adenovirus-delivered RNAi is an enticing alternative to the still-elusive targeted-knockout approach in the VCN. Refinement of the technique to reduce variability in expression will permit further study of more subtle effects, such as a potential small change in the calcium sensitivity of release in the mutant. From a conceptual standpoint, this study posits a new function for syt2 as a protein that contributes to the structure of the active zone. The authors suggest that, in addition to its role as calcium sensor, syt2 may bring vesicles closer to calcium channels and facilitate release (Figure 1) . Perhaps this will prompt a re-evaluation of the syt2 knockout-might a positioning defect account for some of the altered properties of release? And what effects would a positioning defect have on endocytosis, since endocytosis requires the same calcium microdomain that triggers exocytosis (Hosoi et al., 2009; Wu et al., 2009) 
The paper of Young and Neher raises many interesting questions. During shortterm depression, the decrease in the release probability (Wu and Borst, 1999) is caused by uncoupling between calcium channels and primed vesicles at the calyx (Wadel et al., 2007) . Is this uncoupling due to an impaired ability of syt2 to colocalize vesicles and calcium channels? Furthermore, how syt2 could carry out a role in vesicle positioning remains to be elucidated. This is made more difficult by the confusion over what the R399, R400Q mutant actually does to the properties of syt2. As the authors note, various biochemical studies on the reciprocal mutations in syt1 have yielded conflicting results, and while the authors favor that the mutations block association of syt2 with SNARE proteins that mediate vesicle fusion, the complete effect is simply not known. Figure 1 . Overexpression of syt2 R399, 400Q Dissociates Ca 2+ Channels and Synaptic Vesicles (A) In wild-type terminals, vesicles are positioned at the active zone close to calcium channels. This allows the vesicle to be exposed to the high calcium concentrations at the local calcium microdomain during calcium channel opening and ensures vesicle fusion.
(B) In terminals overexpressing the syt2 R399, 400Q mutant, vesicles show positioning defects, resulting in exposure of the vesicle to lower concentrations of calcium during calcium channel opening and impaired fusion. In this cartoon, the vesicle is misaligned with calcium channels at the active zone. Other interpretations are possible; for example, calcium channels may be misaligned at the active zone.
authors as to this new role is that neurotoxin-effected cleavage of VAMP-2, the synaptic vesicle SNARE, also reduces evoked release without lowering the calcium sensitivity of the release apparatus. Does this mean that syt2 and VAMP-2 combine to localize vesicles to calcium channels? Do they associate independently with calcium channels, or must they bind to the other SNAREs first? When syt2 or VAMP-2 is compromised, is the mispositioning due to loosened tethering of vesicles to active zones or to calcium channels drifting away from active zones? Is there an increase in the physical distance between calcium channels and primed vesicles or perhaps an increase in the endogenous calcium buffer concentration, which would limit longrange calcium diffusion? It would be of great interest to see how these questions are addressed in the future.
Hippocampal place cells fire selectively when a rat occupies a particular location. Under certain conditions, the cells briefly represent trajectories along locations away from the rat's current location. New results lend important insight into this phenomenon and demonstrate spatiotemporally coherent, cognitive representations that are independent of current sensory input.
Two key goals of cognitive neuroscience are to understand (1) how the brain constructs internal representations of the world ''out there'' and (2) how the animal uses these representations to guide adaptive behavior, store memories, form plans, evaluate potential outcomes, and decide on a proper course of action. For many years, place cells of the rat hippocampus have been a superb system for addressing these issues. Place cells are the building blocks of context-specific, map-like representations of the animal's location in an environment. These cells are influenced by exteroceptive senses (such as vision) and interoceptive senses (such as the vestibular system). However, the hippocampus is many synapses removed from the primary sensory areas. Accordingly, the activity of place cells is controlled at least as much by the internal dynamics of hippocampal networks as by the external stimuli that an animal experiences as it moves through an environment. Recent years have witnessed a dramatic increase in our understanding of these internal dynamics-how they can be divorced from explicit sensory input and how they may underlie the role of the hippocampus in memory consolidation and cognition. A new study by Davidson and colleagues (2009; this issue of Neuron) provides important new insights into this field of investigation.
As good hippocampologists, we need first to put these findings into context. A major advance in understanding the intrinsic activity of the hippocampus was the discovery of ''sleep reactivation'' of place cells (Wilson and McNaughton, 1994) . When a rat is in slow-wave sleep (or resting in a period of quiet wakefulness), the hippocampus enters a state characterized by large, irregular activity (LIA) in the hippocampal EEG. This state is punctuated by prominent events called sharp-wave/ripple (SW-R) complexes in the CA1 region, which are thought to be
